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Cutaneous adverse drug reactions range from mild to severe and from those localized only to skin to those associated with systemic
disease. It is important to distinguish features of cutaneous drug reactions which help classify the underlying mechanism and likely
prognosis as both of these influence management decisions, some of which necessarily have to be taken rapidly. Severe cutaneous
reactions are generally T cell-mediated, yet this immunological process is frequently poorly understood and principles for identification
of the culprit drug are different to those of IgE mediated allergic reactions. Furthermore, intervention in severe skin manifestations
of drug allergy is frequently necessary. However, a substantial literature reports on success or otherwise of glucocorticoids,
cyclophsphamide, ciclosporin, intravenous immunoglobulin and anti-tumour necrosis factor therapy for the treatment of toxic
epidermal necrolysis without clear consensus. As well as reviewing the recommended supportive measures and evidence base for
interventions, this review aims to provide a mechanistic overview relating to a proposed clinical classification to assist the assessment
and management of these complex patients.

Introduction

Drug hypersensitivity/allergy is an important concern for
healthcare providers, as reviewed elsewhere in this series
of articles. Skin manifestations are the commonest presen-
tation of drug allergy [1, 2] and they may range from mild
(two-thirds) to severe or life threatening (one-third) in a
hospital setting [3]. Distinguishing these two outcomes is
clearly the most important task for any clinician engaged
in the management of individuals with a drug allergy.
Perhaps because of the ready visibility of signs in skin,
cutaneous manifestations are frequently also the earliest
sign of systemic drug allergy and can therefore prove criti-
cal in providing information on the severity and prognosis
of the allergic reaction. However, the reaction patterns are
very variable in both mechanism and clinical features. As a
result, there is no consensus on the classification of these
disorders.Mechanistic, immunological classification can be
very helpful in guiding clinicians and researchers in the
approach to diagnosis and treatment as well as providing a
scientific basis on which new diagnostic assays may be
developed. Unfortunately, our current understanding
of the disease processes is not sufficiently detailed to
allow explanation of how apparently similar pathological

mechanisms can generate remarkably different clinical
patterns. Therefore, it remains useful to overlay an immu-
nological understanding with a clinical classification. This
review series includes a detailed description of the immu-
nological mechanisms of drug allergy. Here we propose to
give an overview of the mechanisms involved specific to
cutaneous drug allergy with emphasis on concepts that
will aid clinical diagnosis and treatment.

Mechanisms in cutaneous drug
hypersensitivity reactions

The skin may be involved in drug hypersensitivity reac-
tions either alone or as part of multi-organ involvement. A
wide variety of clinical patterns occur, so it often requires
an astute clinical awareness to suspect a drug or drugs in
the causation. It is important for clinicians to realize that
apparently similar clinical lesions in the form of erythema-
tous raised swellings resembling weals, can be produced
by very different immunological mechanisms. Careful clini-
cal assessment of the duration of lesions and the rate at
which they evolve is critical in the clinical assessment
as this will be important in deciding upon treatment
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approaches and performance of appropriate diagnostic
tests. Hypersensitivities can be classified as either those
that are the result of immunological effector mechanisms,
including antibodies of different classes and/or T lympho-
cytes, or those that do not involve immune effectors but
are the result of direct chemical effects of the drug. In
susceptible individuals who are ‘intolerant’, the drug
may directly induce mast cell degranulation or release
of inflammatory mediators such as leukotrienes which
produce clinical syndromes such as urticaria, asthma or
anaphylaxis that can be indistinguishable from true immu-
nological hypersensitivities.

Regarding the fundamental mechanisms underlying
cutaneous drug hypersensitivities there are a number of
aspects that must be considered. These include the drug
disposition and how drugs become immunogenic in
certain individuals; the nature of the immune response
and the immune effector mechanisms that are generated,
and why the skin is involved in some reactions.

Drug disposition
The activation of the acquired immune system, that gen-
erates specific immunological memory and humoral and
cellular effector mechanisms, must start with the presen-
tation of antigen to T lymphocytes. In order for drugs with
a molecular weight less than 1000 Da to become recogniz-
able by T lymphocytes they must become ‘haptens’ by
binding to a protein carrier (haptenation). Antigen pre-
senting cells ‘process’ the hapten-modified carrier protein,
degrading it to peptides which are individually loaded into
the molecular groove of an MHC molecule in the classical
way. The hapten:peptide:MHC complex is then displayed
on the cell surface to be recognised by T cells with appro-
priate specific receptors. Many native drug molecules are
not intrinsically protein-reactive, although some, including
penicillins, cephalosporins and captopril, can bind directly
to serum or cellular proteins [4, 5]. It is thought that
protein-reactive haptens are generated during the process
of biodegradation and detoxification. One of the main
theories proposes that after phase 1 metabolism by the
cytochrome P450 superfamily of enzymes, the potentially
reactive intermediates are not fully detoxified by phase 2
metabolism.They therefore persist and react with ‘self’ cel-
lular proteins which causes them to be recognized as
‘foreign’ by T cells of the immune system. Much research
has gone towards identifying the proteins to which the
reactive metabolites become bound but so far it has not
met with much success. There are some examples which
suggest the haptenated proteins may include the CYP450
enzymes involved in the phase 1 metabolism. Thus, in
patients who develop drug-induced hepatitis from hal-
othane, it appears that the critical metabolite of halothane,
trifluoroacetyl halide, becomes bound to the cytochrome
P450 enzyme (CYP2E1) for which halothane is a substrate,
altering the structure of the enzyme: so-called substrate-
mediated inhibition. This has the effect of inactivating the

enzyme and presumably, targeting it for proteolytic deg-
radation.The immune response in patients with halothane
hepatitis is detected in the form of specific antibodies
against the complex of trifluoroacetyl/CYP450 [6, 7]. It has
yet to be resolved whether the pathogenic immune effec-
tor mechanisms are antibody or T cell-mediated. Similarly,
in patients who have had ADRs to carbamazepine and
other anticonvulsants, antibodies are found against the rat
CYP3A family responsible for metabolism of carbam-
azepine [8].T lymphocytes reactive with carbamazepine or
its metabolites can also be demonstrated in patients who
have suffered ADRs from that drug [9, 10]. Thus, it appears
that the reactive metabolite of many drugs, generated by
the actions of CYP450 enzymes,can‘bite back’and become
covalently bound to the enzyme.This complex of haptenic
metabolite and protein carrier could be what is recognised
by the immune system, as in the case of halothane.
However, efforts to demonstrate inadequate or defective
phase 2 metabolism have been generally unsuccessful.
Indeed, there is increasing evidence that for many chemi-
cals, it is the native compound rather than a metabolite
which is the immunogen [11–13].

Clearly, self-proteins are shared throughout the popu-
lation and for the native drug model, the same drug would
be expected to haptenate in the same way in most indi-
viduals. Therefore, the question of how native drugs may
generate an immune response in certain individuals but
not others is not clear.The drug still has to become a hapten
and bind to proteins, but many drugs do indeed have
intrinsic protein-reactive properties. The random somatic
recombination critical in defining the T cell receptor (TCR)
repertoire in humans has been predicted to provide 1015

potential receptors of different specificities, yet adult
humans are thought to have only 107 of these in circulation
[14,15].Therefore, it is entirely possible that drug sensitivity
may also be reflected by whether certain individuals
possess T cells with specific receptors for that drug.

Another theory that is attracting much attention is
whether the drug molecule is sensed by the immune
system as something‘dangerous’[16].Substantial evidence
demonstrates that the immune system is designed to gen-
erate active immune responses to dangerous stimuli such
as microbes or their products and cells that die by the
process of necrosis, but it is designed not to react if there is
no signalling of danger during the encounter with poten-
tial immunogens. The question of how drugs might give
danger signals is the subject of much research but one of
the likely mechanisms is the oxidative stress that occurs
during drug metabolism.The activities of CYP450 enzymes
and the phase 2 metabolic enzymes generates reactive
oxygen species (ROS) and depletes intracellular anti-
oxidant defences such as reduced glutathione. Such oxida-
tive stress activates transcription factors including AP-1
[17], NFkB [18, 19] and NRF2 [20, 21]. These in turn induce
protective anti-oxidant responses and activate the
so-called innate immune response via release of cytokines
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which can activate the dendritic antigen-presenting cells
to a high level of efficiency. It seems likely that endogenous
anti-oxidant reserves and defences may be crucial in deter-
mining whether a particular drug generates danger signals
in that individual which can result in an active immune
response.

A further factor that is recognized but not yet under-
stood is the association of particular drug-induced adverse
reactions with particular HLA phenotypes. For example,
abacavir induces a hypersensitivity reaction very preferen-
tially in individuals of HLA-B*5701 [22], allopurinol in
HLA-B*5801 [23] and in certain Chinese populations,
Carbamazepine hypersensitivity is predicted by HLA-
B*1502 [24]. Interestingly, this HLA association, which is
extremely strong in Han Chinese populations, does not
hold true in western populations. The nature of the inter-
action between any of these drug molecules and the MHC
associated peptides is still unclear. It has been suggested
that the particular amino acid structure of HLA-B*5701
may favour the binding of a key peptide in the MHC class 1
groove, but it is not clear whether abacavir is part of the
bound complex. Indeed, in explanation for the lack of
100% concordance between abacavir treatment in HLA-
B*5701 individuals and hypersensitivity reactions, one
group has suggested that polymorphism induced changes
in heat shock protein function may provide the necessary
conditions for its HLA-restricted initiation of adaptive
immune responses [25].

As a result of the discovery of such strong HLA associa-
tions, most regulatory agencies including the USA and UK
suggest pre-screening for at risk HLA alleles prior to initia-
tion of abacavir and for individuals with Chinese or Thai
ancestry before carbamazepine.

The type of immune response
The immune system requires an initial exposure to an
immunogen to initiate the response which results in the
development of immunological memory - in humans this
takes at least 7 days. It then requires further exposure to
the immunogen to elicit the immune effector mecha-
nisms. In the case of drug hypersensitivities, this may be a
second course of the same drug at a later date, or the
availability of the drug from a continuous/ongoing expo-
sure.The immune effector components include antibodies
of all classes with or without amplification cascades such
as the complement system, and T lymphocytes of helper
(CD4) and cytotoxic (CD8) activities. It is not known what
determines the pattern of immune effectors generated by
a given drug in any individual. However, the different effec-
tor mechanisms can generate very distinct clinical patterns
as will be considered below.

Immunological mechanisms underlying drug
hypersensitivity
The four main types of immune reaction process were
originally defined by Coombs & Gell [26] and have been

expanded more recently by Pichler [27]. (Table 1A,B).Types
1–3 are mediated principally by antibodies of different
classes while type 4 processes are mediated by T cells but
there are many different clinical syndromes that can be
produced. The mechanistic aspects will be considered first
after which the clinical distinctions will be explained.

Type 1 hypersensitivity involves antigen-specific IgE
bound on the surface of mast cells and basophils. Interac-
tion with antigen degranulates the cells with release of
mediators including histamine, prostaglandins and leukot-
rienes. This results in rapid vasodilatation and increased
vascular permeability producing redness and oedema in
the skin (urticaria and sometimes angio-oedema), or con-
traction of smooth muscle resulting in bronchoconstric-
tion (asthma) and/or intestinal cramps and diarrhoea. If the
mediator release is very great, the systemic syndrome of
anaphylaxis results.

Type 2 reactions involve binding of antibodies (usually
IgG) to antigenic determinants on the surface of various
cell types. In some drug-induced reactions the drug is part
of the antigen [28]. in others, such as pemphigus foliaceous
auto-antibodies target self-proteins and the precise role of
the drug is unclear.

Type 3 reactions involve circulating immune complexes
in which IgG antibodies of relative low affinity are com-
plexed with the antigen in small complexes. The com-
plexes adhere to endothelial surfaces and fix complement,
which induces accumulation and activation of neutrophils
resulting in damage to the endothelium sufficient to allow
extravasation of erythrocytes and the clinical syndrome of
allergic or hypersensitivity vasculitis with purpuric lesions
in skin.

Type 4 reactions are classically referred to as ‘delayed
type’ because they develop over many hours. Investigation
of the reactions in skin has led to the realization that T
lymphocytes can deploy a wide range of mediators and
effector mechanisms (Table 1B) that generate very differ-
ent clinical manifestations.

We emphasise that appreciation of this mechanistic
classification is principally of importance in consideration
of the very simliar clinical patterns of weal-like lesions that
can be generated by both type 1 IgE-mediated mecha-
nisms and type 4, T cell-mediated mechanisms. As will be
seen below, the diagnostic and prognostic implications
can be extremely different.

Clinical aspects of cutaneous drug
hypersensitivity

The skin is commonly involved in drug hypersensitivity
reactions, often as the only affected organ but also often as
part of a multisystem disorder. Making the diagnosis of a
drug-induced reaction requires familiarity with the clinical
patterns while identifying the culprit drug depends largely
on a very careful and detailed history of drug ingestion,
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documenting the temporal relationships between the
onset of the reaction and the dates and doses of all drugs
administered before, during and after the reaction. It
should be remembered that to become allergic to a drug
or any immunogen requires a minimum of 7–10 days.
Therefore, when a reaction begins rapidly after the expo-
sure, some previous exposure to the same or possibly a
chemically similar and hence cross-reactive compound
must have been encountered. There are exceptions which
will be dealt with below (urticaria).When a drug is given for
the first time in a course that lasts a week or more, the
reaction can begin during that first course.

Some reaction patterns are distinctive and are readily
diagnosed while others appear to have similar or overlap-
ping clinical features and are the source of confusion
among most physicians and many dermatologists
(Figure 2) [29]. The biggest confusion is in the many pat-
terns of T cell-mediated, type 4 hypersensitivities. Before
they are dealt with it is important to clarify the features of
the type 1 hypersensitivities which manifest as urticaria. In
a recent hospital population the most frequent cutaneous
reaction patterns of drug hypersensitivity were drug
induced exanthemata (51.2%) and urticaria (12.2%). The
other more severe reaction patterns as described below
ranged from 2% to 5% of all adverse cutaneous drug reac-
tions [30].

Urticaria
Urticaria consists of individual lesions that evolve rapidly
over a few hours, causing red (erythematous) swellings
(weals) that are usually itchy. Careful inspection shows the
brightest erythema is at the outer edges of the lesions,
which may expand leaving a paler central area which can
return to normal skin colour after a few hours (Figure 2).
The attack may last days,but the continual appearance and
disappearance of new lesions is characteristic. Patients
often make the diagnosis for themselves because the reac-
tion starts rapidly after exposure to the causative drug or
agent. However, some individuals develop urticaria or ana-
phylaxis after the first exposure to certain drugs, com-
monly aspirin or non-steroidal anti-inflammatories,
opiates, anaesthetic muscle relaxants and radiocontrast
media. These are ‘pseudo-allergic’ reactions because they
mimic the allergic symptoms but are not mediated by
immune mechanisms. Instead, these are intolerance reac-
tions in which the affected individuals are higly susceptible
to the chemical effects of the drug which directly induces
release of mediators such as histamine and leukotrienes
from mast cells or basophils.

Drug-induced exanthemata
Drug-induced exanthemata are a group of rashes some of
which can resemble urticaria but which have different

Table 1
Types of hypersensitivity reaction; mechanisms and clinical correlations

(A) Type of hypersensitivity Immune effector mechanisms Clinical manifestations relevant to drug hypersensitivity

Type 1
Immediate

or anaphylactic

IgE bound to surface of mast cells or basophils. Antigen-binding causes mast
cell degranulation, release of histamine and other mediators.

Urticaria, asthma, anaphylaxis

Type 2
Cytotoxic

Antigenic determinants on cell surfaces are targets for antibodies, may be IgG
or IgM. The antibodies damage cells/tissues by activating complement, or by
binding to cells through Fcg receptors, they activate cytotoxic killing, e.g.
by K cells.

Pemphigus,
Blood cell penias: haemolytic anaemia, neutropenia,

thrombocytopenia

Type 3
Immune complex

Circulating immune complexes are deposited in vascular beds or on tissue
surfaces. Complement is activated, neutrophils attracted and their products
damage tissues.

Vasculitis - hypersensitivity vasculitis, Henoch-Schonlein
purpura

Type 4
Delayed type,
T cell mediated

Effector T lymphocytes, may be CD4+ or CD8+, producing different patterns of
cytokines and/or cytotoxic factors.

Many clinical patterns sub-categorized in Table 1B

(B) Immune mediators Inflammation characterized by: Clinical pattern

Type 4a Th1/Tc1 cells:
IFN-g,
TNFa

T cells, macrophages Contact dermatitis,
Tuberculin reaction

Type 4b Th2 cells:
IL-4/-13
IL-5

Eosinophils Maculopapular rash,
Exanthemata with eosinophilia

Type 4c Cytotoxic T cells:
Perforin
Granzyme B

T cells
Keratinocyte apoptosis

Contact dermatitis,
maculopapular rash, drug-induced exanthemata,
Bullous eruptions (SJS.TEN)

Type 4d T cells:
CXCL8
GM-CSF

Neutrophils AGEP (Acute generalized exanthematous pustulosis)

(A) Modified from [26]. (B) Modified from Pichler et al. [27].
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temporal relationships reflecting their causation by T cell
mediated mechanisms [29]. The range of rashes or exan-
themata include ‘maculo-papular eruptions’ which consist
of erythematous lesions varying from pin point in size up
to a few millimetres across, through a wider range of rashes
consisting of larger oval or round lesions. These resemble
urticaria in that the brightest erythema is at the periphery
of the lesions but they do not usually clear in the centres
and the lesions last anything from 5 to 10 days. The attack
evolves with a steady accumulation of new lesions whilst
older ones enlarge slowly, increasing the density and
extent of the exanthem. Many of these reactions involve
only the skin but some patients manifest systemic features
including fever, eosinophilia, lymphadenopathy and organ
dysfunction which may prinicipally affect the liver, bone
marrow and/or kidneys. The combination of a widespread
eruption with systemic dysfunction is termed DRESS (Drug
Reaction with Eosinophilia and Systemic Symptoms) or
DIHS (Drug-Induced Hypersensitivity Syndrome). There is
now the realization that patients with DRESS often
develop a worsening of the clinical picture after the initial
reaction starts resolving. There may be recurrence of fever,
either a leukocytosis or lymphopenia and deterioration of
organ function. This is due to reactivation of members of
the herpes virus family, HHV6 and HHV7 in particular, but
EBV and/or CMV as well [31, 32].

Erythema multiforme, Stevens Johnson
syndrome and toxic epidermal necrolysis
These syndromes can be regarded as forming a spectrum
of increasing severity, but there are authors who regard
them as separate [33].

Lesions of erythema multiforme (EM) can be mistaken
for the above drug-induced exanthemata, but careful
observation shows strikingly circular lesions with a differ-
ent organization and distribution of colour (Figure 2).
Lesions may be flat or raised like weals and are usually
1–2 cm in diameter. They are usually darker in the centre
and paler peripherally; sometimes larger lesions form and
they exhibit concentric rings of colour, so-called target or
iris lesions. EM can occur in minor forms with lesions scat-
tered peripherally on the limbs and face, a pattern usually
induced by infection with herpes simplex virus.EM major is
a more extensive exanthem associated with blistering of
some of the lesions. There is often some systemic distur-
bance including fever, malaise and organ dysfunction, but
there is minimal mucosal involvement. Blistering and skin
loss between 1 and 10% of the body surface area (BSA)
together with mucosal blistering or erosions is named
Stevens Johnson syndrome (SJS). If the blistering and skin
loss affect 10 -30% BSA it is called the SJS/toxic epidermal
necrolysis (TEN) overlap and if the blistering and skin loss
exceed 30% BSA it is TEN (Figure 3). A robust clinical
scoring system (SCORTEN) has been devised which gives 1
point for each of seven clinical features (Table 2) [34]. Once
the SCORTEN reaches 3 the predicted mortality is 35% and

although this is the score at which it is generally recom-
mended that patients should be admitted to the intensive
care unit (ITU), we feel it would be preferrable to admit
them to the ITU when the score is 2.

Other T cell-mediated reactions
Other T cell-mediated reactions include eczematous reac-
tions either to skin contact with drugs (allergic contact
dermatitis) or more generalized eczematous eruptions in
response to ingestion of a range of culprit drugs. The fixed
drug eruption is so-called because itchy or painful circular
erythematous lesions develop at exactly the same sites
within hours of each exposure to the culprit drug. In more
severe cases, lesions can be multiple and can blister, a situ-
ation that requires careful distinction from TEN as it has a
much better prognosis.

Acute generalized exanthematous pustulosis (AGEP) is
a rare reaction in which extensive areas of erythema
develop which are covered in sterile pustules usually
1–2 mm in diameter. Although AGEP is clearly largely a
consequence of neutrophilic inflammation, it is thought to
be T cell mediated, but exactly how the interaction
between these two cell types arises is poorly understood.
Other T cell mediated cutaneous manifestations of drug
allergy including lichenoid eruptions and systemic drug-
related intertriginous and flexural exanthema (SDRIFE), are
less well understood and are beyond the scope of this
article. The patterns of hypersensitivity mentioned above
are consequences of the immune response in certain pre-
disposed individuals to foreign antigens which can be
derived from xenobiotics or microbes. In general the most
severe reactions (DRESS and SJS/TEN) are triggered by
drugs while the less severe reactions are often triggered by
bugs (microbes).

The drug hypersensitivities mediated by type 2 and
type 3 immune mechanisms are rather characteristic: pem-
phigus causes superficial fragile blisters and erosions
which can occur in mucosal sites. It is accompanied by
auto-antibodies that react with desmoglein proteins
found in the hemisdesmosomes, structures mediating

Table 2
SCORTEN assessment of the severity of toxic epidermal necrolysis

Clinical parameter
Individual
score SCORTEN

Predicted
mortality %

Age >40 years Y = 1 0–1 3.2
Malignancy Y = 1 2 12.1

Tachycardia >120 beats min-1 Y = 1 3 35.3
Initial area of detachment >10% Y = 1 4 58.3

Serum urea >10 mmol l-1 Y = 1 5 or more 90
Serum glucose >14 mmol l-1 Y = 1

Bicarbonate <20 mmol l-1 Y = 1

Modified from [34].
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attachment of adjacent epidermal cells. There are two
main patterns of drug-related pemphigus: drug-
dependent pemphigus usually induced by thiol-
containing drugs such as D-penicillamine or captopril and
drug-triggered pemphigus triggered by non-thiol contain-
ing drugs including penicillins, cephalosporins and piroxi-
cam.Drug-dependent pemphigus resolves once the causal
drug is withdrawn, but drug-triggered pemphigus persists
and exhibits the same enduring natural history as the
spontaneous auto-immune form. Drug involvement in
pemphigus is rare, probably being relevant in only 5% of
cases of this already rare disease.

Type 3 mechanisms mediate the process of vasculitis
which manifests in the skin as palpable lesions which may
be erythematous at their start but which rapidly develop
haemorrhage and purpura within them.Typically,vasculitic
rashes exhibit a so-called ‘gravitational’ distribution in that
they become more developed as one moves down the legs
towards the ankles.

Management

The first principle of management in all conditions
described here is withdrawal of the offending drug. Iden-
tification of the causative agent in individuals receiving
multiple medications is often difficult. Although certain
reaction patterns are more frequent with particular drugs
(as discussed earlier) and publications highlight relative
frequencies from notification registries, the most impor-
tant element to this process is a detailed examination of
the drug exposure timelines in relation to the event
(Figure 1).

General and supportive measures
In mild reactions frequently nothing more than stopping
the suspected drug is required.

In severe reactions, it is first critically important to make
the correct diagnosis of SJS/TEN conditions since aggres-
sive active therapies are most likely to be successful if ini-
tiated early (see below). In addition, enhanced clearance of
the drug may be considered including modalities such as
haemofiltration and plasmapheresis, which may also
remove pathogenic cytokines and other molecules such as
soluble FasL. In a recent review of the published series
(un-controlled) of plasmapheresis for the treatment of TEN
the mortality was 11% suggesting a possible therapeutic
benefit [35]. With extensive or inflammatory eruptions,
careful consideration has to be given to fluid balance and
temperature control. In severe reactions, non-specific fea-
tures including pyrexia, raised white cell count and
C-reactive protein are often present because of the hyper-
sensitivity reaction and it can be difficult to resist the
temptation to start antibiotics ‘in case’. Secondary bacterial
infection may be more problematic if concurrent immuno-
suppressive treatments are employed and needs to be

treated early despite the concern to avoid initiation of
further medication. It is important to undertake regular
swabbing of blistered sites, canulae and catheters to
provide microbiological evidence of active infection and
bacterial sensitivities to guide treatment. In severe erup-
tions, especially where blistering is involved, supportive
treatment is largely analogous to that in patients with
burns. Patients are likely to need management in a burns
or intensive care unit [36] and survival is proportional to
the time taken to reach such units [37]. These patients will
need intensive emollient therapy, additional nutritional
support, analgesia, warmed environments, aseptic han-
dling and careful monitoring for systemic complications.
Severe blistering disorders require involvement of oph-
thalmology and gynaecology teams where appropriate to
prevent complications of mucosal damage. For moderate
epidermal loss, liquid and white soft paraffin ointment
should be applied under low-adherent or soft polymer
dressings. For large areas of epidermal loss, biological
dressings, epidermal allografts or xenografts have been
used.

Skin directed therapy
Most inflammatory reactions are symptomatically
improved by frequent emollient use. This therapy is not

Drug
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Furosemide
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Phenytoin

Carbamazepine
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Figure 1
Careful documentation, with detailed dating of when drugs were started
and stopped reveals the timelines which, in conjunction with knowledge
of individual reported frequencies of allergy, helps to rank the drugs in
order of suspicion. In a severe drug reaction such as toxic epidermal
necrolysis, although this format is still very useful to identify a causative
drug, it is preferable to recommend cessation of all medications. Time
spent accurately drawing out this information at the first clinical encoun-
ter is considerably more effective than attempting to do this retrospec-
tively when the condition has resolved. Horizontal arrows represent
period of ingestion of listed drug. Arrow tip represents last day of inges-
tion. Vertical arrow represents a medication switch. Vertical dotted line
represents the onset of the rash. It is important to include annotation of
the day the chart is documented (Today)
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likely to modify the disease course but is of benefit to the
patient in terms of both symptoms and limitation of com-
plications such as scarring and infection. In cases where
individual drugs have been stopped it is important and
relatively straight forward to assess the progression of the
reaction by examination of the skin. Itchy or uncomfort-
able rashes of any reaction pattern may be helped by
moderate or potent topical corticosteroids. Caution must
be employed in interpreting clinical improvement follow-
ing use of these treatments. It is very unlikely that progres-
sion from moderate to severe reactions could be halted by
topical corticosteroids but the clinical assessment of the
outcome of drug cessation may be impaired.

Systemic treatments for drug allergic
cutaneous reactions
The relative rarity of the most severe reaction patterns of
drug hypersensitivity makes single-centre prospective ran-
domized clinical trials very difficult. Most of the evidence
regarding therapeutic efficacy of different modalities has
either not been well controlled or has been retrospective
against a comparable group of patients treated previously
with other modalities, in the same centre. For many of the
more severe reaction patterns, after withdrawal of the sus-
pected drugs and the institution of supportive measures,
the most used and generally helpful treatment is oral or
IV glucocorticoids. The condition(s) which most require

A B

C D

Figure 2
Clinical photographs depicting classic examples of four similar cutaneous drug eruption patterns. Of note, the plaques of urticarial eruptions (A) have pale
centres in contrast to the uniform colour in drug-induced exanthemata (B) and drug reaction with eosinophilia and systemic symptoms (DRESS) (C) and the
dark centre (target) in erythema multiforme (D)

Figure 3
A clinical image of toxic epidermal necrolyisis (TEN) demonstrating
widespread patchy eryhthema with confluence and darkening at sites of
epidermal detachment (blistering)
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urgent and active treatment lie in the SJS/TEN spectrum.
As indicated above, the mortality in SJS/TEN is predictable
from the SCORTEN and can average 30–35%. The process
of mass apoptotic death of epithelial cells cannot be
stopped once it has started. By analogy, once a pin has
ruptured the surface of an inflated balloon, it would be
impossible to prevent the explosive fragmentation of the
balloon.Therefore, prevention of the activation of the apo-
ptosis is the only possible approach.Several classes of drug
have been tried over the years, including corticosteroids,
immunosuppressive anti-inflammatories (cyclophospha-
mide and ciclosporin), intravenous immunoglobulins
(IVIG) and anti-TNF-a agents.

SJS/TEN
Corticosteroids Originally the most widely used treatment
was high dose corticosteroids. This treatment has been
previously associated with increased mortality [36]. More
recently in a large retrospective review of data from the
European collaborative group (EuroSCAR), the same group
has shown a non-statistically significant benefit from glu-
cocorticoid treatment [38] and has suggested the subject
needs re-assessment.

Cyclophosphamide There are reports of a clear benefit
from treatment with cyclophosphamide: Heng described a
‘dramatic response’ in four out of four treated patients
while a fifth untreated patient died [39].Trautmann treated
eight patients with 300 mg day-1 for 3 days. There was
rapid cessation of bulla formation and all eight survived
[40]. This is a cheap and comparatively safe drug and it is
clearly important to revisit it in a setting in which SCORTEN
can be used for more accurate prognostication.

Ciclosporin In a recent review of the literature ciclosporin
has been suggested as the best evidence based interven-
tion in TEN [35]. Mechanistically, ciclosporin inhibits CD8+ T
cells and apoptotic pathways which are thought to be
important in TEN pathogenesis. Arevalo et al. treated a
series of 11 patients with ciclosporin (3 mg kg-1 day-1) for 2
weeks followed by a tapering period. Outcomes were
compared retrospectively with six patients in a histori-
cal control group treated with cyclophosphamide
(300 mg day-1) with or without corticosteroids [41]. The
published clinical details demonstrate that this cohort had
severe disease yet, despite 8/11 suffering from sepsis, the
authors reported 100% survival.

Intravenous immunoglobulin (IVIg) The use of intrave-
nous immunoglobulin (IVIg) is surrounded by controversy
despite strong evidence indicating therapeutic benefit.
IVIg is a pooled collection of immunoglobulins from mul-
tiple donors. It is used in many auto-immune diseases to
suppress synthesis of the pathogenetic auto-antibodies.
The use of IVIg in TEN was promoted following the report
by French’s group in 1998 in Science which supported a

dominant role of Fas-FasL signalling on keratinocytes in
TEN. They showed that due to intrinsic anti-Fas activity of
IVIg, this apoptotic signalling cascade could be blocked in
vitro, and 10 cases of TEN responded to treatment in vivo
[42]. Since then there have been numerous case reports
and series supporting the usefulness of this intervention in
TEN resulting in a lower than predicted mortality. French
reviewed nine studies in which 10 or more patients were
treated and seven of the nine showed highly significant
reductions in mortality [43]. The largest study included in
that review was a prospective study of 48 cases with SJS
treated at a mean dose of 0.6 g kg-1 day-1 for 4 days with a
survival of 88% [44]. However, the review suggested that in
general 1 g kg-1 day-1 for 3 days is recommended. More
recently a large collaborative observational series of 281
cases of SJS or TEN treated in France and Germany failed to
show a benefit of IVIg at on average 1.9 g kg-1 given over
2-3 days [38]. Similarly, we have experienced both suc-
cesses and failures with this treatment approach. The
explanation for these conflicting results has been previ-
ously aligned to dosing regimen (insufficient quantities of
IVIg or excessive delay in starting therapy) and batch to
batch variation, the unknown levels of anti-FasL antibody
being regarded as the possible major determinant of effi-
cacy. The predominant weight of evidence indicates that
IVIg is of benefit but there are a sufficient number of nega-
tive reports that ultimately a prospective double-blind ran-
domized controlled trial across multiple centres will be
required to help settle this controversy. It would also seem
possible that differences in response may be associated
with differences in immunopathogenesis between
patients and future studies might aim to address the pos-
sibility of identifying IVIg responders.

Tumour necrosis factor-a (TNF-a) inhibitors and thalido-
mide As well as cytotoxic lymphocytes, it has been recog-
nized for some time that TNF-a is important in TEN
pathogenesis as it is present in high levels in blister fluid and
in lesional epidermis at much higher levels than seen in
blistering burns [45]. On the basis of this information, the
potential for blockingTNF-a inTEN has attracted significant
interest.Thalidomide has been reported to inhibit TNF-a in
vitro and in vivo [46]. In fact the only randomized controlled
trial of therapy inTEN was a trial of thalidomide [47].The trial
had to be stopped early because of an excess mortality in
the treatment group. However, it should be noted that the
authors concluded that their data suggested that thalido-
mide did not inhibit TNF-a in that study,and that the excess
mortality may have been related to other effects of thalido-
mide. Three case reports have shown a good effect from
using a single dose of infliximab at 5 mg kg-1 (anti-TNF-a
monoclonal antibody) [48–50] and in one case showed
evidence that epidermal and dermal TNF-a sources were
dramatically switched off by this drug [49]. In one further
case, etanercept, a soluble TNF-a receptor, was reported to
have good therapeutic efficacy [51].
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Other treatment approaches including GM-CSF, insulin,
zinc and N-acetylcysteine remain largely untested in sig-
nificant numbers of patients [35, 47].

DRESS and AGEP
There are no controlled trials of treatment in DRESS or
AGEP. Identification and withdrawal of the causative drug
in AGEP is usually sufficient, the rash clearing with minimal
desquamation. Although brief courses of oral steroids are
occasionally given for severe reactions recent reports
have suggested the possibility of using ciclosporin
(5 mg kg-1 day-1) [52] or etanercept [53].

Published case reports and small series have pointed to
oral prednisolone to treat DRESS as probably the most
accepted intervention in the treatment of severe drug
reactions: 1–1.5 mg kg-1 has been recommended but we
have seen efficacious responses to 0.5 mg kg-1 (unpub-
lished) with rapid resolution of rash and fever.The associa-
tion with human-herpes virus-6 (HHV-6) re-activation
characteristically 2 weeks after rash onset, was recognized
in the late 1990s [32, 54, 55] and has been proposed as an
explanation for the characteristic flaring seen in this con-
dition [56] although precise explanation of the role of the
virus in the disease remains unclear. Careful monitoring for
potential viral reactivation is therefore essential, but it
should be noted that sporadic reports have identified reac-
tivation of other herpes viruses as well (EBV, CMV, HHV-6,
HHV-7, HSV, VZV) [31]. Screening should be undertaken by
PCR to detect viral DNA in the blood. Optimal manage-
ment of viral reactivation has not been fully addressed in
clinical trials, but we have had some success with the use of
ganciclovir in such cases (unpublished).

Investigation

On the occasions when it may not be clear which drug is
responsible for a reaction or when it is clinically desirable to
re-introduce a medication required by the patient’s clinical
condition, as in the case of antibiotics for cystic fibrosis or
anti-convulsants for epilepsy, there is the requirement for
some sort of testing procedure.There is a range of possible
skin tests and in vitro laboratory tests that have been tried
but these are not widely available and tend to be limited to
centres in which they are part of research activity.It is crucial
to think of the immunopathogenic mechanisms when
attempting to perform diagnostic tests. Thus type 1 reac-
tions may be demonstrable in vivo with skin prick tests,
intradermal tests (read at 15 min and 6–12 h) or in vitro by
RAST tests. For a small range of drugs, commercial prepara-
tions are available,most particularly for the penicillin family.
For type 4 reactions involving the skin, patch tests with the
drug homogenized at 1–10% in white soft paraffin can be
performed. Positive reactions at 48 h can be obtained in
certain patterns of drug-induced rash including the
EM/SJS/TEN spectrum and in some patterns of drug-

induced exanthemata, but there is not a great confidence
regarding their reliability [57]. Overall, positive responses
are obtained in 30–50% of cutaneous adverse drug reac-
tions [58]. They are safe and a positive reaction is usually
clinically significant, but a negative reaction cannot be
interpreted. In vitro assays to detect T cell reactivity to sus-
pected drugs by measurement of drug-induced lympho-
cyte proliferation have been reported to give positive
responses [59, 60]. Again it is not a completely dependable
method and for uncertain reasons, it works well for some
reaction patterns and drugs, but does not work for others.
More recently other approaches include the detection of
drug-induced cytokine release by ELISA and/or ELISPOT
assays. It is critically important that those undertaking
testing for drug allergy are fully aware of the limitations and
pitfalls of these tests, a comprehensive discussion of which
is covered in another review in this series [61, 62].

Conclusions

The skin is frequently involved in drug hypersensitivity
reactions. Careful clinical observation is required to diag-
nose which of the many patterns of reaction is present. A
clear understanding of the immunopathological mecha-
nisms is important both for interpreting the clinical signs
and anticipating the potentially effective forms of therapy.
We have highlighted that pink raised weals can be caused
by mast cell-derived mediators (type 1 hypersensitivity
and drug intolerance) while weal-like lesions of longer
duration are induced by T lymphocyte-dependent mecha-
nisms, and consequently respond to different interven-
tions. While there is not a universally accepted
classification of the clinical patterns of drug hypersensitiv-
ity, distinction between the many patterns of drug-
induced exanthemata is potentially of critical importance
because the severe reactions of SJS/TEN and DRESS
require urgent active therapy. Delay even of a few hours
can make the difference between survival and death.There
is not a standard ranked order of therapies based on thera-
peutic efficacy. While the new biological therapies (IVIg
and anti-TNF agents) are the subjects of most current
therapeutic studies, there is tantalizing evidence that
much cheaper agents (cyclophosphamide and ciclosporin)
may be effective. It is time for co-ordinated multi-centre
studies to perform a proper evaluation of these agents.
Randomized trials do not require a placebo arm and there
are enough agents to be compared that a ranked order of
efficacy could be established.
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